The genetic information for a number of distinct immune functions in mice can be assigned to one (or more) subregions of the/-region, which is located within the major histocompatibility complex (H-2) of chromosome 17 (1, 2) . Cell surface antigens encoded by genes that map within the/-region of H-2 are called Ia (immune responseassociated) antigens (3, 4) . Unlike determinants encoded within the K and D regions of H-2, Ia-antigens appear predominantly on B cells and monocytes. However, a subset of T cells may express Ia antigens. In particular, the I-J subregion contains the genetic information for surface-membrane markers found on suppressor T cells and a special class of helper T cells (2, 5) .
In humans, the major histocompatibility genes map within the HLA complex of chromosome 6, and genes within the HLA-D region control the expression of antigens that appear to be the homologues of murine Ia antigens (6, 7) . Sera from multiparous women and allosensitized individuals may contain antibodies reactive to B cells and monocytes, and such alloantibodies have been used to characterize human Ia-like antigens (8, 9) . These antigens exist as a bimolecular glycoprotein complex (10), and they comprise the so-called DR system of HLA antigens. The DR determinants contain a nonpolymorphic antigenic component, which can be detected by heteroantisera raised in rabbits immunized against glycoproteins with an ~28,000-33,000 mol wt derived from B cells (11, 12) .
Heteroantisera and alloantisera directed against human Ia-like antigens appear to interact with the same 28,000-to 33,000-dalton glycoprotein complex (13, 14) . By analogy to murine systems, human Ia-like antigens are most readily evident on B cells and monocytes. However, some T cells (especially after exposure to activating stimuli) express Ia-like antigens (15) (16) (17) (18) . The role of Ia antigens in the regulation of human immune responses has, as yet, not been defined.
The purpose of this article is to report our findings that antibodies to nonpolymorphic Ia-like antigens (p23,30) can depress the production of immunoglobulins by normal human B cells under conditions of polyclonal activation, and that a maximal inhibitory effect requires the presence of a radiosensitive subset of regulatory T cells in our experimental system.
Materials and Methods
In Vitro Biosynthesis of Immunoglobulin. To study the transition of circulating normal human lymphocytes into immunoglobulin-secreting plasma cells, we cultured 2 × I06 unseparated ceils THE JOURNAL OF EXPERIMENTAL MEDICINE-VOLUME 151, 1980 257 BRIEF DEFINITIVE REPORT in the presence of pokeweed mitogen at 37°C in 5% COz in RPMI 1640 media that contained 10% heat-inactivated fetal calf serum, 4 mM L-glutamine, 50 U/ml penicillin, and 50/.tg/ml streptomycin. The techniques used have been previously reported in detail (19) . We measured the cumulative secretion of IgM, IgG, and IgA by heavy-chain specific double-antibody radioimmunoassays essentially as previously described for IgE (20) . We prepared both T cells and B ceils, freed of T ceils, by a combination of immunoabsorbent-column purification and spontaneous rosette formation with sheep erythrocytes (21) . Before use, sheep erythrocytes were removed from the T-cell population by exposure to ACK lysis buffer (NH4CI, KHCO3, EDTA, and distilled H20). Pokeweed mitogen-stimulated B cells, rigorously freed ofT cells, synthesize little or no immunoglobulins, nor do they show a substantial level of proliferation in vitro. The ability of added cells to restore immunoglobulin production by these purified B cells is an indication of helper cell activity (21) . The capacity of cells to depress immunoglobulin production by indicator B cells in the presence of adequate helper cell function is a measure of suppressor cell activity (19) . Normal circulating T-cell populations represent a heterogeneous mixture of potential helper and suppressor cell subsets.
Antiserum to Ia-like Antigens (p23,30).
We prepared a rabbit antiserum to nonpolymorphic human Ia-like antigens. The papain-solubilized, purified p23,30 protein complex was the immunogen as previously described (11) . The antiserum used selectively causes the bimolecular immunoprecipitation profile of membrane proteins characteristic of Ia-like antigens using sodium dodecyl sulfate polyacrylamide gel analysis. The serologic and biochemical properties of the antiserum used in the experiments described in this article are reported in detail elsewhere (7, 14) . T ° test the effect of this antiserum upon in vitro immunoglobulin production, 1/.tl was added to various populations of cells at the start of the culture (volume = 1 ml) and left in for the entire 12-d culture period. Normal rabbit serum served as the control. Both the antiserum and the normal serum reagents were heat-inactivated (56°C for 30 rain) before use. Complement was not added. Table I illustrates the effect of antiserum to human Ia-like antigens on the production of immunoglobulin by normal unseparated lymphocytes. The antiserum decreased pokeweed mitogen-driven immunoglobulin production in vitro using unseparated lymphocytes from three unrelated normal individuals. The level of suppression ranged from -65 to 95%. Normal rabbit serum did not inhibit immunoglobulin production. Because normal B cells and monocytes readily express Ia-like surface membrane determinants, this effect is open to a number of interpretations, including a direct antibody-induced inhibition of the B cells within the unseparated lymphocyte target population. Moreover, it is difficult to standardize experiments with unseparated lymphocyte populations because the regulatory T-cell:indicator B-cell ratios may vary. For these reasons, we next concentrated on experiments involving purified antiserum. This observation suggests that a radiosensitive subset of autologous T cells is necessary for the anti-Ia suppressor effect in this system. The suppressor effect was restored when unirradiated autologous T cells were once again introduced into the system. In the five experiments performed with purified B cells, inhibition of immunoglobulin production in the presence of unirradiated autologous T cells ranged from 88 to 99% when the antiserum to Ia-like antigens was added to the cultures. The levels of suppression for IgM, IgG, and IgA were comparable.
Results
When we used unirradiated T cells and indicator B-cell populations from unrelated normal individuals, the antiserum to Ia-like antigens produced only a modest or no suppressor effect. This suggests that there may be a genetic preference for the suppressor T-cell effect brought about by the presence of antibodies to Ia-like determinants in this system.
Discussion
In analyzing the participation of suppressor cells in the inhibitory effect brought about by antibodies to human Ia-like antigens in these kinds of experiments, it is necessary to obtain a starting population of indicator B cells rigorously depleted of T cells. Operationally, the indicator B-cell population should not secrete substantial quantities of immunoglobulins when cultured alone in the presence of pokeweed mitogen. When the indicator B-cell population alone secretes substantial quantities of immunoglobulins, one must assume that there is a contaminating pool of regulatory T cells. When such contaminating T cells are present, it may be impossible to distinquish between the influence of regulatory T cells and a direct inhibitory action of the antibodies on B cells or monocytes.
The data presented in this report provide evidence that human Ia-like antigens can play a role in the T-cell regulatory control ofhumoral immune function. An antiserum to purified Ia-like components (p23,30) suppressed polyclonally activated immunoglobulin production in vitro. This form of suppression was most clearly evident when various combinations of normal B cells and autologous irradiated or unirradiated normal T cells were used as the indicator system. The suppressor effect does not appear to operate through a simple action at the level of target B cells or monocytes alone.
In a wide range of experimental systems, antibodies to Ia antigens can depress both cellular and humoral immune reactions (22) (23) (24) (25) (26) (27) . Most workers have concluded that anti-Ia antibodies exert their inhibitory effects by directly interfering with B-cell or monocyte functions. There are experimental systems in which it appears unnecessary to postulate more complex phenomena, such as an alteration of regulatory T-cell function, to explain the activity of antibodies to Ia antigens. However, our data would suggest that in certain systems the suppressive effects of such antibodies cannot be adequately explained without considering the role of regulatory T cells.
Recent experiments by Fu et al. (28) indicate that human T cells involved in the generation of allogeneic helper activity express Ia-like antigens. Therefore, one should keep in mind that under some experimental conditions antibodies to Ia could impair certain helper cell functions.
In the experimental system reported in this article, the antibodies to Ia-like antigens did not appreciably affect helper activity (Fig. 1 , B cells + irradiated T cells), but rather the antibodies induced the emergence of suppressor T-cell activity. From our data, we infer that at whatever point (B cell, monocyte, or T cell) anti-Ia antibodies perturb the immune system initially, the final suppressor effect may require the participation of suppressor T cells. This has both theoretical and clinical implications.
Summary
We studied the effects of an antiserum to human Ia-like antigens (p23,30) upon the polyclonal activation of normal B cells (cultured with various combinations of irradiated and unirradiated T cells) to become immunoglobulin-secreting cells after stimulation with pokeweed mitogen in vitro. We found that the antiserum suppressed immunoglobulin production. The inhibitory effect did not appear to result from a simple interaction at the B°cell/monocyte level alone. Rather, the inhibitory effect required the presence of a radiosensitive subset of autologous suppressor T cells. 1 November 1979. 
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